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1.0 SUMMARY

A number of basic investigaticns conducted under governmental

and industrial funding have outlined the role played by iron-
containing compounds in causing flow decay. However, until the
present study a nositive method for its elimination or control
was undefined. The objective of this program was to defir~ a
practicable technique to elimirate f7. ~cay as a prxoble Ffrom
operational weapon and space systems. Three tasks were performed
in achieving this goal: (1) Removal of iron £rom specification
grade N204, (2) Determination of the rate of iron contamination
of N,O, in contact with various metal alloys, and (3) Execution

274

of flow tests in which N204 was passed through a simple, filtered

system undexr conditions conducive to flow decay.

Distillation and filtration were shown by radioisotcpe tracer
techniques to be methods of removing iron from brown N204.
Radioactive iron-55 was added to samples of N204 whicn were then
distilled or filtered. Folluwing these operations the N204 was
checked in a multiclannel znalyzer for the presence of radio-
activity. Within the measurement limits of the instrumentation,
distillation appeared nearly 100% effective in removing iron.
Filtration through sintered glass filters and through screen-
type stainless steel filters was of limited effectiveness and
pointed to adsorption as the primary filtering mechanism. A
column packed with molecular sieve material was shown to be a

very effective filtering agent.

The rates of dissolution of iron from 2014 aluminum, 6Al1-4V titanium,
and 347 stainiess steel by N204 were measured by immersing radio-
active sanples of the alloy in N204. After immersion the alloy
samples were removed and the solutions were examined for radio-
activity. No iron was detected in the N204 containing the titanium
or aluminum samples. However, radioactivity from some unidentified
element was found in the N204 containing the titanium sample,

which indicates a reaction with the sample had occurred. The
reaction rate of N204 with 347 stainless steel varied directly

but not linearly with the sample surface to propellart veolume ratio.
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; Iro..-free N204, prepared by distillation, was stored for
approximately two months in ta.axs made from the three sample
alloys. Following storage the N204 was flowed through a 2

e micron sitainless steel filter under conditions known to be

it b e e TR

conducive to flow decay. No decay was found with the N204
stored in the 2014 aluminum or 347 stainless steel tanks.

About 15% decay occurred with that stored in the 6A1-4V titanium
tank. The cause of this decay has not been clearly identified.

Toasen b ra N C ALY

Flow decay resulting from passage of N204 through Z micron nominal,
stainless steel filters was studied as a function of N204 iron
concentration. With new filters no flow decay occurred when less
than 3.6 PPM iron {(as iron nitrate) was added to the as-received

N:OQ.

Following successful laboratory experiments with molecular sieves,
a larger molecular sieve filter, suitable for field use, was
constwructed for purifying N204. Approximately 200 lbs of as-
received N,0, (containing ~9.5 PPM iron) was filtered through 2
1b of Linde, type 13X, molecular sieves of 100/120 mesh. During
the filtration a sample of that filtrate was withdrawn following
each 18 1b increment of flow. These were examined by atomic
absorption spectroscopy for iron concentration. No iron was
detected in any of the samples since the readings did not exceed
the instrumentai detection threshold. The propellant to filter
mass ratio was 1000 and the filtered propzllant remained well
within the specification limits. Filtration through molecular J
sieves thus appeared to be a practicable technique to eliminate
flow decay as a nroblem from operational weapon and space
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2.0 INTRODUCTION

The phenomenon of flow decay. has been experienced, identified
and studied for the past seven years. A number of basic
investigations have been conducted under government and industry
funding. Foremost among these are Rocketdyne's studies for the
Air Force Rocket Propulsion Laberatory (AFRPL) (e.g., References
1-3) and Tkd's work for the National Aeronautics and Space j
Administration (e.y., References 4, 5). Valuable insights were i
gained in these studies, which elucidated the physicochemical '
nature of the phenomenon. None of them, however, have resulted

A b SN Ao KA S e i

¥

in the development of a workable engineering solution to the
problem, i.e., a procedure whereby propulsion systems of crsitical
interest (such as the Titar Transtage and “he Minuteman TII Post

BRI WML R~ L,

Boost ?ropulsion System) may be rendered free of mission failures
brought about by the occurrences of flow decay.

During N204 flow cdecay studies at the Boeing Companys'7 which
employed very sensitive radioactive tracer techniques it was
observed that the clogging iron complexes which occurred in

green 32 4 (MSC-PPD-22) could apparently be removed by distillation.
Radioisotope counting experiments further suggested that filtra-

T e S O L 42

ticn efficiencies of various filters used toc remove the iron

complexes could be effectively and accurately measured with
tracer methods. Since distillation and filtration are common

engineering purification techniques it was natural to think in
terms of iron complex removal as a solution to the flow decay

-
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.
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problems of operational rocket systems. As a consequence, a
contact was made with the Air T'orce Rocket Propulsion Laboratory

t

rreraey

and a program was evolved whose objective was to define a
practicable method to prevent the occurrence of flow decay within

systems utilizing brown N204.
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3.0 TECHNICAL PROGRAM DEFINITION

The program consisted of three principal tasks using specifica-
tion grade (MIL-P-26539C,Composition NTO): nitrogen tetroxide:
(1) the removal of iron contaminants from Nzo4 to a level below
which flow decay did not occur, (2) the determinaticn of the
contamination rate of N,0, in contact with typical aerospace

274
tankage materials, and (3) the study of flow decay experienced

by N204 flowing through filters.

3.1 Task 1 - The Removal of Iron From Nzo4

b - Iron contaminants were removed by distillation and filtraticn.
Distillations were performed at atmospheric and reduced pressures.
Filtrations were performed for various types and sizes of filters

e

and at different temperatures.

3.2 Task 2 - Contamination of H¢04 by Dissolution of Tank Metals

F_‘;a:.v [ !S/;:{;,g*j 1;3;1“?.4,

———
k]
'd
H 13

-~

%ﬁ The rate of buildup of iron contaminants in distilled N204 was

& §i determined as a function of tankage material, surface-to-volume
%é ratio, temp-~lature and degree of agitation. The tankage alioys
%i investigated were 347 stainless steel, 2014 aluminum, and 6A1-4V
%5 titanium.
3%
S 3.3 Task 3 - N204 Flow Decay in Screen Filters
§§ Nitrogen tetroxide was passed through filtering systems (typical
£§~ of those used during propellant transfer) at conditions highly

i %? conducive to flow decay. Tests were run at increasing iron
§§ concentration until pronounced flow decay was observed. Tha iron-
ﬁ% contaminated N204 was then purified by passage through an

' S% operational-type molecular sieve filter, which resulted in the
gé elimination of flow decay during subsequent flow tests.
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An additional set of flow tests were conducted with initially
iron-free N204 stored in tanks made of the construction materials

T

tested in Task 2.
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4.0 REMOVAL OF IRON FROM N204

The general technique for studying iron removal was to add
definite miniscule amounts of radioactive iron-59 to known

weights of N and then to measure changes in radiocactivity

0]
level resultin; from distillation or filtration operations.
Specifically a one c.c.‘liquid radioactive source of iron
nitrate dissolved in concentrated nitric acid was prepared
whose initial activity was one millicurie. Stcck solutions of
radioactive krown N204 were prepared by adding 10 microli ters
of the primary source liquid to a flask containing 155 grams of
N204. The quantities of iron (about 2 pvpb) and water equivaleat
(0.0065%) thus added were aot larce enough to perturb the
concentrations of iron and water actually present in the N204.

Counting (iron-59 detection and measurement) was accomplished with
the aid of a 3" x 3" sodium iodide detector having a 1.2" x 2.4"
well (Harshaw Company). The multiple phototube o ' put was
arplified by a charge sensitive preamplifier (designed by Boeing)
followed by a Technical Measurement Corporation Model CN1024
multi-channel analyzer. A simple Geiger counter was found to be
sufficiently sensitive to allow a rapid semi-quantitative mapping
of the iron distribution in both the distillation and filtration
apparatuses.

4.1 PDistillation

The distillation tests were performed with 5 c.c. samples of
N204 in pyrex containers shown typically in Figure 1.

Evacuation
Outlet
The 1 Distilled N204
Radiolabeled Bath
N0,

FIGURE 1 -~ DISTILLATION SYSTEM SCHEMATIC
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4.1.1 Procedure

The container was manufactured, cleaned, evacuated (to effectively
remove water adhering to the inside walls) and filled with gaseous
dry nitrogen at 1+ atmospheres. Cooled radiolabeled N204 was
admitted to one leg of the tube and then carefully frozen with
ligquid nitrogen. The residual nitrogen was then pumped out,

the evacuation outlet ciosed by fusion, and the N204 allowed ‘o
cone to ambient temperatures. The empty leg of the tube w#s

then immersed in liquid nitrogen, which condensed the N124 vapors.
The low vapor pressure which resulted from the low terperature

leg permitted a complate transfer of the liguid to _he ccld

side in 25 minutes. A beaker filled with water - ¢ room temperature

served as a thermal bath.

A second run was made with another tube +0 determine the feasibility
of liquid transfer at a vapor pressure of about 1 atm. Temperatures
were selected at values typical of <nose that could be encountered
in a solar distillation. In thix case the radiciabeled soiution
was immersed in a large thermcs of water at a temperature of 37°C,
the cold side being mairtained at room temgperature (22°C). This

transfer required an hou- and a half.

The bottom of the é.y leg of the distillation tube was heated

to 66° + 2°C, a :slatively high distillation temperature, for 30
minutes to see if Fesg(NO3)3 would volatilize under these
conditicns. No volatilization of che radioactive residue was

observed

4.1 2 Results

No carry over of radiocactivity was detected withir the statistical
uncertainty of the counting experiments, + 2 1/2% at 90% confidence
level. Distillation was thus seen to be a technically feasible

method for removing iron contaminants £from Ni04.
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4.2 Filtration

The first tests were performed with 10mm diameter sintered

glass fiiters using 10gm portions of N204. The small gquantities
of Nzo4 were chosen for convenience; the sintered glass filters
were used as part of an all-glass system to avoid any possible
interference from extraneous ircn. The radioactive iron content
of the N204 which was removed by the filter was measured and
compared with the original activity to determine filtration
efficiency. Two porosities of filters, 4 tc 5.5 microns and

40-60 microns, were used at each of three different filtration
temperatures. Larger gquantities of N204 were then filtered +to
define the role of adsorption in the filtering nechanism. Other
filters which weres investirat.l included a 2 micron nomin=1.

1C .aicron absolute stainless steel filter (Western rilter Company,
part number S$12-1$31i0-2), glass wool, and Linde Co. type 13X
molecular sieves. The 10 micron absolute stainless cteel filter
was chosen because of its previous use in flow decay studies. '
Glass filter frits having comparable pore sizes were selected
to identify possible surface material effects. Glass wcol and
molecular siaves were chosen for study as adsorption filters

due to their large surface to mass ratios.
£4.2.1 Prccedure for Testing Sintered Giass Filters

The apparatus used for the investigation of glass filters is
shown ir Figures 2 and 3. The beaker surrounding the tube
containing the filter was made liguid tight at its junction

with the filter tube with a putty sealant and was then filled
with iiguid at the approgriate filtration temperature. Radio-
labeled 8204 contained in the upper flask was brought to thermal
equilibrium by passing it very slowiy over the walls of the tube
and through the filter. The lower graduate was used to catch the
filtrate and contain it during ccunting. The filter tube was

also removed and the sintered glass frit counted. The filter
efficiency was determined as the ratio cf the counts of the frit
to the sum of the counts frcm both the frit and the filtrate.
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FIGURE 2. TYPICAL GLASS FILTER
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Filtration thru coarse (40-60 micron, Van Waters and Rogers,
catalog number 32592-023) and fine (4-3.5 microns, catalog

number 32584-029) filters, was accomplished at room temperature,
The 0°C temperature was achieved with an ice

0°Cc, and -10°C.

bath and the -10°C temperature was obtained by cooling an
agqueous solution of KC1l with liquid nitrogen until a slush was

formed.

The contribution of adsorption to the filtering process was
investigated by filtering incremental amounts of a radiolabeled

sclution of 3204 thizough a fine #rit at room tewperaturs.

The

activity of successive 10 gm portions of filtrate were measured
to see if there was an increase in activity, which would
correspond to the saturation of adsorption sites.

4.2.2

Fesults of Filtration Through Glass Prits

Although complete removal of iron by filtration was not
accomplished substantial reductions were obtained as shown in

Table 1.

Table 1 - Filtration Efficiencies of Glass Frits

Filter Porosity Tenperature Filter Efficiency
{microns) Centigrade percent
coarse {40-560) 23 25
coarse ¢ 22
coarse -10 28
fine (4-5.5) 23 63
fi&le 81
fine -1 76
9
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The abcve results indicate that temperature has 1ittle, if any.,
influence on filtration efficiency and that the fine frit was
considerably more effective than the coarse as a means of
removing iron. The fact that the surface area of the fine frit
was relatively large suggested that surface adsorption of

iron compounds might be the dominant filtering mechanism. If
the active adsorption sites were quickly saturated, the
fiitration efficiency would be expected to diminish rapidly.
The hypothesis was checked by flowing additional portions of
N,0, through a fine frit. & ravid decrease in filtration

274
efficiency was in fact observed as shown in Pigure 4. Small

E 3o SR o e

sintered glass filters were thus seen to be inadeguate for removing

significant quantities of iron from H204.

4.2.3 Procedure for Testing 2 Micron Stainless Steel Screen
Filter

Past tests with green N204 (MSC-PPD-22) had shown that 2 micron
noninal, stainless steel, screen-type Zilters described
previousiy could remove at least some of the complexed iron7.
Consequentliy, it was decided to test the effectiveness of

such a filter with brown NTO. A new test system adapted to
this piece of hardware was assembled as shown in Figqures 5-7.
In this instance a stainless steel cylinder was used to supplv
abcut 89 c.c. of Fes9 tracer-laheled NTO which in turn passed
through an aluminum cciled-tube heat exchanger at -10°C,

the stainless screen filter, and into the counting containers.
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The as-received filter was cleaned by soaking in a 50-50 f§|

solution of concentrated nitric acid and water for 15 minutes,

rinsed with deionized water for 2 minutes and allowed to soak
The £iltration system was

")

n deionized water for 30 minutes.
n evacusted for about 30 ainutes with a rouching pump.

the

4.2.4 Resulis of PFiltration Throudh a Stainless Steel Screen
Filter

The observed filtration efficiencies at conditions ~hich enhance
The average filtration

ltration were gdisappointingly low.

MO LD S M N A S0 s B SIS AL,

= i

z efficiency was found to be ~/14% with the passage of only 86 c.c. :
Z . of NTO and it thus appeared that there was insufficient filtering

= action.

R 4.2.5 Test of Small Adsorption Filters

:

ek - - 3 < :

£ At this point a reassessment of the capability of filters to

§§ remove iron froam ¥ 04 was in order. The previous expectation Y

2
that passing cols N204 through conventional type filters would
filtration efficiencies no longer appeared promising. ¢
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tendency of the ircn to adsorb on surfaces sugagested
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However, the
that sn adsorption type filter, constructed by packing a column

with an apprcpriate substance, might achieve the desired results.
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;E Powderec gquartz, glass wool, and molecular sieves were considered
i : : :
- as candidate adsorption agents. These substances are lcw in

cost, readily available, possess nigh surface area to mass
ratios, and are inert to 3204. Glass wool was tried first and
A small column was tightly packed

04 was passed.
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performed reasonab.y well.
with 0.6 g of glass wool through which 63 ml of N2
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=N } Filtration efficiencies were checked at ZJ ml intervals. The
’;; first 20 ml portion yielded a value of 99.5%, the second decreased
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somewhat to 96.5%, and the third indicated that substantial
amounts of iron had passed {filtration efficiency, 69%) for
an overall efficiency of 88.5%. 3an important criterion of
effectiveness is the ratio of the mass of N204 passed through
the column {until the column begins tc lose effectiveness) to

the mass of the packing material. 1In this case these figures

were ahout 60g of N204 compared to 0.6g9 of glass wool for a
ratio of 100. This is an acceptable ratio for many applications,

but an even higher ratio would be more desirable.
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Type 13X Linde moleculiar sieves (ciicsen because this type possesses
a large pore size) were studied next and these proved to be
extremely effective. Previous work8 had shown that trace metal
contaminants could be removed by molecular sieves. However the

¢ bulk filtering capacity and post-filtering particulate count o
were not determined. In the laboratory experiment which de-
monstrated the feasibility of removing iron by t..tration, type - 4
13X pellets were ground in a mortar and pestle to & coarse powder. :
This was performed under dry nitrogen to preclude the adsorption

of atmospheric water vapor by the sieve material. A small amount ‘
of powder (.073 gm) was then transferred to a 3mm glass tube,
small plugs of glass wool being used to retain the .35" long
column of powder. A series of 5 c.c. volumes of Fe 2 tracer-
labeled NZD4 was passed through the column and each was counted
to determine the amount of iron remaining in the sample. Test
results were translated into overall filter efficiency (average
over the entire run) as a function of the filter to N204 mass

B
'

!

B AN v XN A AR AR

ratio and are shown in figure 8. Estimates based on these
results were made for a filter twice as long and are also in-
cluded in this gravh. Excellent filtration efficiencies appear
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b

possible for mass ratics in excess of 1000.

Having demonstrated a successful filtration technique for
purifying N204 other questions were considered. For ~xample
the guestion could be raised as to whether the radio-tracer
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iron was removed in a different manner than the iron which

was normally present in the N204. Experiments had been
performed with sintered glass filters in which radioactivity

and atomic absorption spectroscopy measurements verified similar
filtration removal of both kinds of iron by glass frits.

Bowever the same result would not necessarily be true for
molecular sieves. In addition there were uncertainties as

to whether sieve particles would be picked up from the

filter and whether water might not be extracted from th2

sieve material by the N204.

4.2.6 -Test of an Operational Model Adsorption Filtex

The very encouraging results achieved in the laboratory with
type 13X molecular sieves justified a larger scale tiltration
test. Consequently, a filter was designed that could con-
ceivably be useful in field eperations and also permit the
identification of the interaction of sieve materials with

the N204. should any exist.

No detailed parametric analysis of the filter was attempted
although experience gained in lab experiments was useful. For
example, 1/16" diameter pellets had been found to allow channeling
of the fluid around the pellets which resulted in a reduced

filter efficiency. On the other hand the filter surface area
could be increased by grinding the pellets to such a very fire
powder that N204 would not flow through. Thus, by judgement,

a filter matrix particle size was selected that would be fine
enough to provide adequate adsorption area and coarse esnough

to permit reasonable fluid flow. Samples of 13X sieves are
shown in Figure 9.

The operational size filter was a 3/4 inch C.D. type 5052
fiar«~d aluminum tube about 30 inches long, provided with
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SAMPLES OF 1/16” DIAMETER AND 100:120 MESH TYPE 13 X

MOLECULAR SIEVES

R A o . o

FIGURE 10. OPERATIONAL MODEL ADSORPTION FILTER
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standard 3/4" flare fittings and, packed with 0.2 pound of

type 13X Linde moleculaxr sieves. The sieves were of chromato-

graphic grade (Tyler standard 100/120 mesh) supplied by Coast
The sieves

Engineering Laboratories, Gardena, California.
were retained on the inlet sida by a 1/4™ plug of glass wool
and on the outlet side by a (2 micron nominal, 10 micron absolute)

stainless steel filter supplied by Western Filter Company

(part number S12-19310-2). The operational filter construction

is illustrated in Figure 10.

The flow system in which the filter was tested is shown
! schematically in Figure 11 and photographically in Figure 12.
Pressurizing Vent Line
Line ‘ L )
. | i]
Fiiter g
Cl 1 —t [
H
§ hranrm— o]
g Filtrate
g Supply Tank
& Tank
ti i l Y B W L DUy ¥
S
- Sample Port
Figure 11 - Operational Filter Flow Test Schematic
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The operational filter was connected between two 14 gallon
tanks in such a way that N204 samples could be withdrawn
through the sample port at any time during flow. Approximately

200 pounds was passed through the molecular sieve filter and
filtrate samples were collected at 18 pound intervals. The

© mete—

supply tank was pressurized at 40 psig but the flow rate was
limited to about .7 1lb/min because of the resistance of the
packed column. The filtrate samples were analyzed by atomic
absorption spectroscopy to verify that the iron normally ccn-
tained in the N204 was removed bv the sieves as efficiently

AT L TR 0 ALV wmmwuu Az “g'ﬁm\w“ﬁmbﬁw«*« W

as the radio-tracer iron added during laborato.y experimentation

was. Results indicated in Table 2 were consistent with the
results obtained in the laboratory. Virtualily no iron was
detected in the samples collected, the instrument readings t
being at the lower detection limit of the instrument. The %
N204 to molecular sieve mass ratio (200 1b./.2 1b) was 1000

but the capability of this particular geometry of filter may
well be higher. The first sample collected (not passed through
the filter) contained .46 ppm iron, a value somewhat less than
a previous analysis of .55, but compatible with the accuracy

of the atomic absorption instrumentation.
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i TABLE 2

= MOLECULAR SIEVE FILTRATION RESULTS

%i Sample Condition Iron Found Approx. Sample

£ (PPM) Filtration

=1 Efficiency (%)

32 1 Not filtered (feed tank) 0.46 -

§? 2 Filtered 0.03 °4

5 3 Filtered 0.02 96

o 4 Filtered 0.01 98

5 Filtered 0.03 94 !

6 Filtered 0.03 94 3
7 Filtered 0.03 94 i
: 8 Filtered 0.02 96 %
I 9 Filtered 0.01 99 “%
: 10 Filtered 0.01 98 8
) b
- 11 Filtered 0.02 96 %%
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The filtered N204 was analyzed by standard techniques to
ensure that it still met specifications, and the results

are given below:

Spec. Limits
(MIL-P-26539C-

Constituent Composition NTO) Not Filtered Filtered
N,0, (%) 99.5 min. 99.86 99.8
H,0 (%) 0.17 max. 0.018 0.018
Cl (%) 0.040 max. 0.011 0.004
Particulate 10 max. Not Determined .28
(mg/1)

The above data shows that the filtered N204 was well within
specifications. In comparison with the unfiltered pro-
pellant, the N204 assay and water content were essentially
unchanged, and the chloride value was substantially

Also encouraging was the low par*ticulate matter
which indicated that molecular sieve fines had

reduced.

content,
not contaminated the propellant.

In summary, the operational, Linde type 13X, molecular
sieve filter has successfully and efficiently removed

iron contaminants from N204 without causing deviation from
specification. The N204 molecular sieve mass ratio was
1000 and the filtration capacity was not reached.
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4.3 COMPARISON OF PURIFICATION METHODS

-

: Having demonstrated that high and low pressure distillation
and filtration thru molecular sieves were all technically

feasible methods of removing iron from N204 it remained to
compare them from an operational standpoint. For this
comparison the indices of operational attractiveness were
taken to be (1) reliability, (2) effect on system readiness,
and (3) cost. Since field conditions, suppcrt facilities
and readiness requirements are widely variable it is
meaningful to make only broad comparisons.

In general,reliability is increased by reducing the number
of active elements within the system. Distillation requires
a heat source, heat exchanger, condenser, coolant, coolant
pumps, fluid pumps and pumping power. In contrast filtration
- requires only a passive filter, fluid pumps and pumping
power. O©n this basis filtration is seen to be mcre attractive.
Distillation at a pressure of 1 atm (coolant temperature
= 21°C) 1is likewise preferable to low pressure distillation i
since a low temperature coolant is eliminated which may

2 A AL A Ao KA o Yt A D A Y A

be difficult to provide in some cases.

It is conceivable that purification procedures could be
adopted so that neither filtration or distillation would
materially affect the (rocket) system readiness. For

BB w%mmmeWmm«wuwmwm e e ke

&=
e example, rather than distilling or filtering a tank of
!i% N204 intu another equivalent container (which would disable

iy
.

i d

Pl
p

the rocket system) N204 could be pumped from the bottom

of the tank thru the purification components and returned
to the top of the tank. With minimal axial propellant
mixing this procedure would eliminate the need for an
auxiliary tank and provide essentially continuous readiness.
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approaching a value that would produce flow decay the
purification process would be implemented. In this way
the iron content of the N204 would never approach an
undesirable level. From this standpoint filtration and

distillation are equivalent.

Tu2 cost of either purification system is the sum of the
costs of energy, hardware, required €facility modification,
training of operating personnel and other such factors.

Most of these are indeterminant until a specified installation

can be analyzed. However it can be ascertained that the
energy costs of the distillation process are a fe: tenths
of a cent per pound of N204 and that the sieve costs uie
comparable. The remainder of the cost facters appear
substantially smaller for the filtration systen.

0, BY DISSOLUTION OF TANK METALS

5.0 CONTAMINATION OF N2 4

Samples of three metal alloys, 347 stainless steel, 6A1-4V
titanium, and 2014 aluminum were immersed in iron-free
specification grade brown N204 and the rate of dissolution
of iron from the metals was measured as a function of
dissolution time, surfz:ce-to-volume ratio, state of
agitation and temperature. This was accomplished by
activating coupons of these metals in a thermal neutron
flux of 3X1012n/cm2 sec for 10 hours (Fe58+ n = Fesg),
immersing the coupons in N 0, and measuring the level of
activity of radioactive Fe 3 in the N204 after the coupons
are removed. From the knowledge of the ratio of radioactive
to non-radioactive iron atoms, the iron concentration in

parts per million (ppm) was then calculated.
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In the case of the aluminum and titanium alloys no iron
could be detected in the activated metal coupons. The
gamma spectra did, however, show traces of other elements.
These elements were not identified in the case of the
titanium alloy (due to the difficulty of analyzing over-
lapping spectra) and appeared to be chromium and zinc in
the case of the aluminum sample. Consequently, emphasis
was placed on the 347 stainless steel tests.

5.1 Test Prccedure

Two mil 6Al-4V titanium foil, 20 mil 20314 aluminum sheet
and 1 mil 347 stainless steel foil were purchased from
commercial vendors. In addition a piece of 347 stainless
steel bellows from the post boost propulsion system (PBPS)
of Minuteman III was procured. Prior to the neutron
irradiation these were cut into suitable coupons, cleaned
and sealed in polyethylene containers.

The cleaning procedure for the 347 stainless and 2014
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aiuminum consisted of a 15 minute immersion in trichloroethylene

at room temperature, 15 minute immersion in Ivory detergent
solutiocn at 50°C, 10 minute immersion in a 50/50 solution
of concentrated nitric acid and water at room temperature
and a final 10 minute rinse with flowing demineralized
water. Solutions were agitated during immersion. The
6A1-4V titanium cleaning procedure was similar except

that the initial immersion used acetone instead of
trichloroethylene.

Twenty-five (25) gram samples of specification grade brown
H204 were distilled into glass tubes to remove residual iron.
Each aliquot of N204 was loaded into the glass container by
distilling to dryness, thus ensuring that the concentrations
of volatile impurities such as HZO' NO, and NOCl were kept
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constant and equal to the concentrations in the as-received
N204. With an irradiated metzl coupon sealed into each
tube and with the N,0 4 frozen the container was evacuated

2
and the vacuum connection fused c¢losed. The N204 was then

e W £
P

S0 R s NGB SR

allowed to come to room temperata.e.

Immersions weie performed by ailowing the N204 to run to
the end of the tube containing the metal coupon as shown
in Figure 13. Following the prescribed immersion the liqguid
was drained back into the far end of the glass tube ( See
Figure 1l4)which was then inserted into the radioactivity

P IL YT ]

counting eguipment.

Agitation of the tubes during dissolution was prcvided by

a magnetic stirrer. A 1" diameter glass tube containing a
stirring bar was attached to the lower end of the tube

(or tubes) requiring agitation which were supported near the
upper end. Motion of the stirring bar caused deflections

of this cantilever beam arrangement which resulted in
appreciable sloshing of the N204 around the metal coupons. ;

B M L N LA

One elevated temperature dissolution was made. The temperature
was stabilized at 47°C by means of a constant temperature

bath which corresponds to a typical hot day, and fluctuated

H about this pouint within 1/2°C during the course of .2 test.

The equipment used in counting is shown in Fiqures 15 and
| i6. The end of the glass tube containing N204 was placed in
a lead shield which contained a 3" x 3" cylindrical sodium

B
-

' iodide crystal. Gamma rays given off by the decay of iron-—

i 59 interacted in the crystal to produce flashes of light

% . whose intensity was a function of gamma energy. These in turn :§
were sensed by a photomultiplier tube which in conjunction %é

25
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with othexr electronics counted the pulses, sorted the
energies and stored the data. The data could then be
printed out on paper tape. Each isotope has characteristic
energy spectra which could be »sed to identify and quantify
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5.2 Results of Dissolution Tests

Uit by
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D
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The results cf the 347 stainless steel (PBPS bellow samples)
dissolution tests are summarized in Figures 17, 18. It is
observed that the rate of dissolution is apparently independent
of agitation. That is, the tube which was allowed to stand
undisturbed ccntained as much iron as the one which was

Septid it
i i

sl

S

agitated.

The elevated temperature test indicates a modest increase
. in the rate of iron dissolution when immersed at 47°C for
2 days. After the conclusion of this test the tube was

included along with several others in an eviended dissolution
test at room temperature. This is indicated by the %ashed
portion of the curve and shows an iron concentration about

3 times that cf a similar tube which was aiways at room

temperature.

Four sets of 347 stainless steel, room temperature data were

collected, corresponding to four different metal surface to
N204 volume ratios. The rate of iron buildup was found

to level off quickly.

There is a surface area reaction rate dependence such that
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the higher surface areas have the higher reaction rates, 3
, aithough the dependence does not appear to ke linear with the %
& b surface area. For example, the reaction rate S/V = 11.4 inch.-l 32
%; is 4 times that of s/V = 5.7 inch-'1 at 100 hr..It is possiole that %i
%g . the surface reaction is limited by the number of reactive E%
é? surface sites available, which could vary somewhat from §§
%%‘ coupon to coupon. For example active sites could be formed §§§
F {:“; 28 %
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along the edges or corners of the coupons when cut to size.
These sites might be small areas of iron or iron oxide

which are not completely screened by the protective chromium
oxide layer known to exist on stainless steel surfaces.

The S/V ratios of many propellant feed tanks fall in the 0.1

to 1.0 inch"l range and it would appear from the data generated
that loading a 347 stainless steel tank with initially iron-
free N204 would obviate flow decay problems, because the

S/V ratio is so small that no appreciable build-up of iron
would be predicted to occur even after long storage periods.
This conclusion is, cf course, limited by the conditions
present during the test. Processing and cleaning of the metal
surfaces as well as variations in the concentrations of typical
impurities (such as Hzo, NO, and NOCl) could possibly have

considerable effect on the rate of reaction.

One final resi.’: involved the dissolution of the titanium
metal coupon. rlthough no iron was detected in either
6A1-4V titanium or 2014 aluminum these dissolution tubes
were included with other 347 stainless steel tubes during
the long immersion which was performed. Upon checking the
N204 which haé been in contact with titanium, significant
radioactivity was observed. The element to which this
activity belongs was not, however, identified due to the
press of other experimental requirements and the difficulty
of analyzing overlapping gamma ray spectra.

6.0 N20 FLOW TESTS

4

Some research workers still consider flow decay as something
of an elusive phenomenon. Different conditions under which
flow decay can occur have been tabulated, but there are so

many possible variables {e.g., type of constriction, temperature,
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pressure, flow rate, and concentraticns of HZO' NO, Cl1l, and

the iron nitrate complex), one must use care in interpreting
flow decay data. Perhaps the most important variable is the
presence of the iron nitrate complex, the removal of which

forms the basis of the flow decay prevention method. The
importance of determining the degree of flow decay as a function
of iron concentration is quite clear, but it must be remembered

e T

that the data are applicable to the various flow conditions
present in the particular flow apparatus under study.

In this study, a flow system was assembled which consisted of
a 2 gallon supply tank. heat exchanger, orifice plate flow
meter . fine-mesh stainiess steel zcysen filter, flow control
device and 2 gallon catch tank. A flcii by-pass was placec
around the filter so that the §2§3 would be transferred back
to the supply tank from the cat.» iank without back flushing

tire filter. The N204 from tne suldiy tank was cooled to 8°C

[P P

in the heat exchanger pricr tc¢ passage through the filter with
the intent of inducing Zlow decay by clogging of the filter.
The first test objective was to establish the level of flow

»
R A TN 2 KA AR A TR T RS AT C AR A O b, ATy U RIA

et i

decay (filter clogging) as a function of the iron content

e
.fi; L LT RN O, RN ATV SRS ry g oy AU o BT S S S N At N T o L

of the N204.
Two methods of introducing iron to the N204 wer:: used. In the .
first, known amounts of iron were added to a tinik of N204 : |
in the form of iron nitrate. 1In the second, iron-free N204
was stored in 347 stainless steel, 6Al1-4V titaunium and 2014 3
aluminum tanks for an extended periocd cf time during which the %
N204 was allowed to react with the tank walls. §
The other objective of this series of tests was to demonstrate %
E an operational technique for eliminating flow decay under conditions %
2% * conducive to its occurrence. The operational type molecular ?
%? sieve filter used in previous experiments was used in this =
gg‘ . demonstration. E%
£
= 32 %
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6.1 Development of Flow System Configuration

r,l.: .

(%3

The initial configuration Figure 19 employed a throttling =
valve as the flow control device and the first test involved
the flow of N2
analyses had indicated an average iron concentration of 0.5

04 taken from the main storage tank. Previous

ppm. Passage of N204 through the filter resulted in degradation
of the flow rate from (.22 gai/min to 0.03 gal/mir (Figure 20)
in the course of 5 recirculations of .the N204. Filter clogging

A NIt R A

was evidenced by an increase in the pressure drcp across the

<

filter. Subsequent examination of the filter revealed the 3 .
presence of a substance that did not resemble a flow decay- .
producing iron nitrate complex, but rather a material which : !
was stable in air. This was ascribed to sediments initially
in the transfer lines from the main storage tank . f

O The flow system was cleaned, the stainless steel filter
: replaced, a 2014 aluminum tank installed as a catch tank, an %
on-off valve placed in series with the throttiing valve and '

o

permanent plumbing added to permit recirculation of N204 from
the catch tank to the supply tank, Figure 21. The initial flow
rate was set at .22 gal/min with the throttling valve. Flow

MEpe Suvm MR

P

decay was observed immediately but there was no pressure drop

o

increase across the filter, Fiqure 22. After checking the
operation 2I une system components it was concluded that the
throttling valve was clogging. Had the flow been continuous
the decay couid have been as much as 50%. However the valvsa
partially unclogged during the transfer of N204 from the catch

THTEm:

tank back to the supply tank, so that the actual decay was ~ 25%.

In an attempt to induce clogging in the filter the flow rate
was cut in half and indeed the filter began to clbq, as is

N evidenced by the pressure drop acrcss the filiter in pass #6
in Figure 23. This was the last run of the afternoon on
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Friday, June 30,and after transfering the N204 back to the
supply tank the system was valved off until the next Monday.

The first pass of that day, piss #7,at an initial flow of

.11 gal/min produced no flow decay and no pressure drop across
the filter. This indicates t:at the throttling valve and filter
had been cleared of ¢€logging elements. However, succeeding

passes produced filter clogging as shown in Figure 23.

Final modifications were now made to the flow system to arrive
at what is termed the “stardard"™ flow system configuration. The
throttle valve, which was sasceptible to clogging, was replaced
with an orifice plate containing 4-0.021" diameter holes. A
differential pressure transducer was used to measure the
pressure drop across the orifice plate in order to determine
quantitatively the extent of clogging of the orifices.

(None was detected in any cf the subsequent runs.) In addition
an arrangement was introduced by which the catch tank could be
back-pressurized to permit variations of supply tank driving
pressure while retaining a constant flow rate of approximately
.2 gal/min. See figqures 24, 25.

In the standard configuration the flow apparatus was constructed
almost entirely of aluminum zlloy. The feed and catch tanks
(about 2 gallons capacity) were of type 2014 aluminum, while
the lines were of 5052 aluminum. The only ferrous alloy
components in the system were the valves, the filter (Western
Filter Ccmpany, 2 micron nominal, 10 micron absolute, part
number S12-19310-2), an eight-inch long section of 3/8~inch
0.D. stainless steel tubing in which the 0.0788-inch diameter
flow rate measuring orifice plate was located, and the orifice
plate itself.

The feed tank was pressurized with nitrogen at 37.5-40 psig.

The N204 passed through a plate containing four 0.021-inch

38
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diameter orifices which limited flow to about 0.2 gallons per
minute when the catch tank was back pressurized to 0-12 psig.
Prior to reaching the test section (filter) the N204 was passed
through a cooling coil held at 0°C.

6.2 Flow of As-rzceived N204 with and without Added Iron

The first test in the standard configuration was made with a
clean system, a new filter and a fresh supply tark of as-received
N204 taken from the main storage tank as before. Flowing at

~-2 gal/min and even at ~ .1l gal/min for several passes produced
no fiow decay, Figure 26. The fact that this N204, containing
0.5 ppm iron, did not exhibit flow decay was somewhat surprising
since previous work at Boeing7 had found significant flow decay
at concentrations as low as 0.3 ppm. (The previous work,
however, had been done with a different type of N,0,/ "green"
instead of "brown", in a different flow system (stainless steel
instead of aluminum) with slightly different flow conditions.)

At this point it was decided to add additional iron to the N204
in an effort to induce flow decay. The sequence followed was
to add iron in increments of 1 ppm and recirculate the N204
several times through the flow apparatus. The incremental
change in iron content was achieved by adding ferric nitrate
(10 mg of iron dissolved in 0.1 ml cf concentrated HNO3)

to the 2 gallons (about lO4 g) of N204. The increase in water
equivalent (less than 0.001%) was considered negligible. Previous
Boeing work had indicated this simple method of iron additi-
to be an effective means of establishing flow decay. The flow
results, which ranged from no to almost complete flow decay,
are best appreciated by reference to the graphs, Figures 26-31.
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Discontinuities in flow were characteristically observed between
runs in which flow decay occurred. 1In such cases the iritial

flow of a succeeding run was greater than the terminal flow

in the immediately preceding one. Since there was no reverse flow
in the test section, the partial clearing of the filter appears

to be due to a partial reabsorption of the clogging materials
by the N,0

2 ——

3

One of the objectives of flow testing was to demonstrate
elimination of flow decay with the molecular sieve filter. This
was to be acccmplished by flowing Nzo4 which was known to under-
go severe flow decay through the molecular sieve filter and

then again through the flow system to verify that flow decay

no lornger occurred. Since severe decay was experienced after
addition of 4 ppm iron this was the point at which the use of
molecular sieve purification appeared appropriate.

ANt AT SR B A

%, ““‘"‘Wﬂ“ﬂ" TTITIC IR TN

Following the last recirculation of the Nzo4 to which 4 ppm
iron had been added the screer: filter was back flushed so that
the N294 ran from the catch tank through the filter and into
the supply tank, thus tending to wash the clogging material
from the filter. 1In the next recirculatior after the flushing
the initial flow rate returned to its oricginal £ull scale
value, (which indicates that most of the clogging material

was washed back into th: supply tank), and then rapidly
decaved, Figure 32. With this demonstration that the clogging
material could be washed back into the supply tank the back
flushing operation was repeated and the N204 was then purified
by passage through the molecular sieve filter. During
subsequent recirculations of the purified N204 through the

screen filter no flow decay was found to occur, Figqure 33.

Subseguently, flowing as received N204 and as received N0

274
plus 1 ppm iron through this screen filter produced flow decay
whereas with a clean filter it did not occur, Figures 34, 35.
This suggests that some contributory flow decay factors were

present, such as the filter being only partially cleaned by
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back flushing. These results also suggest a high degree of
purity for the N204 after passing through the molecular sieve.

Another series cf tests was run to determine the flow decay
behavior in a system with different iron concentrations as
before but with each using a new screen filter. The first
test was run aiter the addition of 4 ppom of iron and,as
indicated in Figure 36,decay cccurred only after many (9)
recirculations. The second test, with 3.5 ppm iron added,
produced no decay even after 19 recirculations. 1iIn a third
test with 10 ppr iron added the onset of flow decay occurrad
during recirculation #5 with greater intensity than for 4 pom,
Figure 37. From this data the added iron concentration for
the onset of flow decay is cocncluded to be between 3.6 and 4.0
ppm for the flow system tested. Since the iron ccntent cof the

as-received &-04 was 0.5 ppm, this corresponds to a total iron

concentration of 4.1 to 4.5 ppnm.

6.3 FLOW OF DISTILLED Ezﬁg FOLLORING STORAGE

Task 3 reguired that fiow tests be performed with initially
iron-free Nze4 after storage in tanks manufactured fro= 2014
aluminum, 6A1-4V titanium and 347 stairless steel. The tanks
were thin-walled cylinders approximately 6% in diarmeter by
18 iong (~ 2 gallon capacity) and were filled by distilling
(tc aryness) N,0, from another 2 gallen aluminum tank. The
filled tanks were allowed to sit at ambient temperature for
33 to 70 days before testing.

Prior to flow testing the test section was purged with gaseous
nitrogen and the catch tank removed. Visuval exanination of
the catch tank revealed apparently clean interior surfaces.
However the tank was cleaned with a detergent wash, a water
and a Freon rinse and was dried with hot nitrogen.
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The aluminum, titanium and stainless steel tanks were tested
with new screen filters in that order, the expectation being
that none of them would produce flow decay. The results,
illustrated in Figures 38 and 39 evidence no flow decay for
the 2014 aluminum or 347 stainless steel tanks. HBowever,
the 6Al1-4V titanium tank produced a decay of about 15%,
Figure 40.

In order to check the anomalous titanium data the filter which
had become partially clogged was analyzed for titanium. This

was accomplished by rinsing the filter with 5 ml of an aqueous
solution containing 33% HNO3 and 2% HF. The solution was then
= found by atomic absorption to contain 12 ppm titanium. From
- earlier experiments7 with gre 1204 which indicate that 1-10%
. of the clogging material acc ‘es on the filter a possible

cencentration of .67 ppm ef tii .aium is indicated in th= N,0,
in the titanium tank.

or e

Other workers have studied the compatibility of N204 with
i 6A1-4V titanium. Reference 9 concludes that after a 28 day
corresion study a gelatinous precipitate was cbserved that

"could uffect the functioning of filters and valves in

wapave X m x

propulsion systems."

To further cconfirm the presence of possible metallic clogging
complexes a sample of the N204 from the titanium *anks was
analyzed for titanium and for iron. A 100 cc sample was

analysis. The detection sensitivity of the spectrometer was
10 ppm for titanium and~+.03 ppm for iron. In the analysis

titanium was not found but iron was present at a level of 10
ppm in the 5 cc water test solution. This corresponds to
an irca concentration in the N204 of .35 ppm. The atomiua
absorption detection sensitivity for titanium inferred that

the titanium concentratior in the N204 was less thawn .35 ppm.

G BT TRR DI RAL €y g 4 op v g ok i e A AR OISR\ 9T L5Y 0

57

withdrawn and concentrated by a factor of 20 for atomic absorption
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‘ The preceding results support the idea that the titanium tank
reacted with the N204 (as evidenced by both the previous
radioactive counting experiments and the analysis of washings
from the filter). & past study9 has shown that there is a
stress-induced corrosion reaction between brown N204 and

6A1-4V titanium. Since the tanks used in these experiments
were rolled to a 3" radius (thus leaving them in a somewhat
stressed condition) some corrosion might be expected. However,
the iron presents an enigma. There appears to be no reasonable
way for it to enter the system except by reaction with the 8"
length of stainless steel tubing in the test section or with
the stainless steel filter itself. Yet, the small contact
area and contact time are not consistent with an iron

concentration of this magnitude.

One other pessible way for this amount of iron to be present
would be for iron to accumulate in the test section during
previous runs, since it was nct dismantled and cleaned prior
to these particular tests. However, this possibility seems
remcte since radio tracer experiments had shown a uniform
distribution of iron nitrate when added to a long tube of
N204. Settling was not observed to occur. In addition the
Nzo4 from the titanium tank was flcwed in between that from
the aluninum and stainless steel tanks in which no decay

occurred.

At this point no tirm statement can be made reiative to the cause
of the flow decay experienced with the Nzo4 from the titanium
tank. It appears that the N,0, did react with the tank but

274
the effect this has on flow decay is unestablished.

} 6.4 PFinal Flow Testing
S

Questions as to whether the nature of the iron nitrate sclution
. used to aope ‘he as-received Nzo‘ would affect the flow decay
precipitated two final tests. A fresh batch of iron nitrate

—p——
w
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AT

was prepared by dissolving iron wire in twice as much nitric
acid as had previously been used. This meant that iron was
added to the N204 at a rate of .5 ppm per .1 cc of nitrate
solution rather than 1 ppm per .1 cc. Tests were run using
clean filters with tanks of as-received N204 containing 5 pom

or 17.5 ppn iron from this freshly prepared solution.

No flow decay was observed during 10 recirculations of the NZO4
with 5 ppm iron or in 5 recirculations of that containing 17.5
pPpm. Decay was expected in both cases. After sitting over the
week end the latter fluid was again flowed 7 times with no
clogging. The tank was allowed to sit for an additional two
weeks and 4 recirculations were made with no change in flow

b - behavior. The tank was then agitated by vigorous shaking and

« another five runs made. Flow decay was immediately experienced
althougqgi. it stabilized at a final flcw of 90% of full scale.
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At the conclusion of the flow testing, the Nzo4 was poured from
the tanks which were purged with dry nitrogen, flushed with
Freon and dried with hot nitrogen. The tank interiors were then
examined visually by inserting a small light into the tank

and observing the inside through hydraulic fitting holes.

In the tank containing 5 ppm a single reddish brown spot was
observed on the bottom of the tank, having an approximate area
of 1/16 sqgq. in. and an estimated thickness of 1/16". 1In the ;
tank containing 17.5 ppm iron the interior surface appeared .
dull as a consequence of material adhering to the surface. :
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Both of these observations are in contrast to the clean ~ondition
of the tank surface following extended use of the first batch

of iron nitrate. These results emphasize the need for
exanination of the influence of other factors in addition to

iron concentration in the flow decay process.
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6.5 Discussion

One of the most significant results of the brown Nzo4 flow tests
was that the iron concentration threshold below which no flow
decay occurred was an unusually high 4.1 ppm. Previous studies by
other workers had shown flow decay at lower concentrations. In

i s A M R

1

fact, in Boeing's own previous work in 1970 with green N204, flow

'
i

decay was observed at iron concentrations as low as 0.3 ppm, and
the degree of flow decay was proportional to the iron concentration

added, with almost complete clojging occurring at 1 ppm.7

Although the previous flow system was constructed of stainless

oA dar b bR AndY v st

steel and the present of aluminum, both series of tests were

o,

otherwise quite similar. The question then arises as to whether
there is a basic difference between the MSC-PPD-2A ("green™ N204)
and MIL-P-26539C ("brown" N204) applications. One should be wary
of such generalizations, bearing in mind that concentrations of

impurities such as 820 and NOCl may be more important ti:an the NO
concentration (which causes the green color) in determining flow

decay behavior. There would appear, however, to be a basic

difference in the two types of N204 used in the two Boeing studies.

Not only were the iron ~oncentration thresho’ .s different, but

also the behavior of the iron upon addition to the N204. In _
both studies iron was added to distilled N204 in the form of '
ferric nitrate dissolved in a small amount of concentrated HN03.
However, in tie 1570 study radioactive tracers showed that the

iron rapidly settled to the bottom of the tank, whil: in the

present study & uniform solution with no irdication of settling .
resulted. The question of whether an "eguilibration” period would
have an effect is unanswered. Prior to some of the flow tests in

B R TN TR, PR AL
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. this study the N204 containing the added iron was allowéd to

sit many days with occasioral shaking prior to commencing flow.
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Such an equi.ibrztion period had no apparent effect on increasing
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g the tendency for flow decay to occur.
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7.0 CONCLUSIONS

A -

As a result of this study, four principal conclusions can
be drawn:

1. Distillation, or filtration through Linde type 13X molecular
sieves will remove filter clogging iron components from
brown N204.

2. Molecular sieve filters appear adaptable to operational or
field use to purify N204.

3. The order of preference for the storage tank materials
tested is 2014 aluminum, 347 stainless steel and
6A1-4V titanium.

4. Uncertainties exist as to the influence of factors other

S S AR i Sl
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than iron concentration on the occurrence of flow decav.

Subject to the constraints of conclusion number 4, the general-
ization may be made that flow decay can be prevented by removal
of the iron nitrate complexes prior to loadiny a storage tank
with NZOS‘ The resuliting rate of iron build-up will infiuence
how long the system may be safely stored. Although data from
the 347 stainless steel/Nzo4 system (Section 5.2) indicate an
encouragingly slow rate of iron build-up for surface-to-volume
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ratios cf interest, one should not conclude that other ferrous

alloys will necessarily behave similarly.

L AR

While it was beyond the scope of the present effort to study
the role of factors other than iron concentration in affecting
flow decay, parameters such as temperature, flow rate, filter

I
3
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type, and impurity concentration {(e.g., NO, NOC1, Bzo,dissolved
metals other than iron), may be very important to the f w
decay process. Knowledge of the role of these factors would
undoubtedly clarify some of the data recorded in this study.

8.0 RECOMMENDATICNS

* Following the demonstration of an efficient filter for purifying
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brown N204, attention should now be directed to elucidating

the filter design. Parameters such as filter particle size, flow

rate, pressure drop, and filter length-to-diameter ratio should

be related to filter efficiency. Filter design should be

optimized from the standpoint of operational requirements such
as filter shelf life, storage conditions, operational readianess,

frequency of use and total filtration capacity.

Conditions affecting the entry of iron nitrate into solution
with NZO4 need further definition. For example the effect on
the rate of iron builidup of the concentration of HZO' NO and
NOC1l in Hzo4 saould be investigated. In addition the effect

of concentration of these compounds on floi decay behavior for

a fixed irorr concentration needs definition. Tinally, the

changes in flow caused by adding other metal complexes, such

as titanium compounds, to the iron, HZO, NC, and NOCl1

combinations should be analyzed.

The elucidation of an optimum filter design and the further
definition of other flow decay parameters can best be established
by a matrix of tests that would identify the interdependence

of the differeat variables.
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APPENDIX A

FLOW DECAY PREVENTION HANDBOOK PROCEDURE

Introduction

2 major consequence of the cocatract F04611-72-C-0040 issued by
the Air Force Rocket Propulsiun Laboratory entitled "A Method
for the Prevention of N204 Flow Decay" was the demonstraticn
that molecula. <ieves could be used to prevent flow decay.
Suvsequent to filtration of brown Nzo4 through Linde type 13X

sieves, fiow decay éid not occur. Thus, in situations where flow
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decay is an actual or anticipated problem, the established
procedures for handling N204 wculd benefit by changes to permit

the incorporation of such a filter.

|

Since the introduction of a new component into a flow system is
procedurally trivial, only the constructicn and prepzration of
the component for service reguires explanation. For the sake
of illus‘ration the use of the operational - type filter
developed under the contract will be detailed. When the
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;1 filtering column is loaded with 0.2 1b of the molecular sieves %
; described below, a flow rate of zbout 3.7 1lb/min can be achieved é
g wher the supply tank is pressurized at 40 psig. The weight of %
% the N,0, passed through the column should be no more than 1090 %
§ times the weight of the sieves. This kind of fiiter is suitable :
¥ %
% for use with moderate amounts of N,0, (no more than 200 1b). :
£ Where massive quantities of NZO4 are to be filtered, a larger §
§ size would be reguired but no problems relating to scalability %
. are anticipated. 3
3 1
3 ;E 53
: 3
® Filter Construction and Preparation %“
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1. Procure the following components:

1 - 30" length of 3/4" 50652 aluminum tubing
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3 - 3/4" aluxninum flare nuts
2 - 3/4™ aluminum sieceves z
1 - 3/4% 90° elbow, 5052 aluminunm §
1 - 2 picron filter, Western Filter Company, vart g
aumber S$12-19310-2 3
1 ~ 3/4° 3332 aluminum flared end cap ; \
1 - 8 02. can of Linde, 100/12G6 =ish (Tyler standard) ;
:

chromatographic grade, type 13X molecular sieves,
Ccast Engineering Laboratorv, 13508 South Normandie
Ave., Gardena, California 96249

1 - 3/4" 50652 flared end plug

1 - small package of glass wool

L s T R Y

2. Install flare nuts and sleaves on 30" length of 3/4*
tubing and flare both ends.

PIATCTTAEIY ¥

3. Ciean all aluminum parts by agitating perts for 10 minutec

Jon
”»

in hot detergent solution (Ivory), zinse for 10 minutes .=

demineralized water, rinse for 135 minutes in a 50/50 solution
of conc. nitric acid and water, rinse for 10 minutes with
denineralizer water, rinse with acetone and dry.

4. Assemble the parts of the filter in the manner :ndicated
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in Figure B - 1. This the lower end of ths filter,
i ; 5. Piush the tube with dry nitrogen for 2 ninutes. :
; 6. Opesn the can of sieves and guickly pour powder into the upper %
§ end of the filter tube. Transfer rapidly to avoid contamination 3
g with atmospheric moisture. Tap the tube lightly during é
£illing to settle the sieve powder. Fill to within 1/4° ;
] ; of the 1liz of the fiare. %
! ? 7. 1Insert a small ball of glass wocl into the top of the tube. %
: 8. Install and tightern the end plug on top of the tube as shown %
in Pigure B - 2. ‘§
p 9. When reguired for use remove the 2nd plugs and insert filter E
é ® into flow svstem.
f
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FIGURE A-1.

EXPLODED VIEW G LOWER END OF FILTER

FIGURE A-2.

EXPLODFD VIEW OF UPPER END OF FILTER
69

Reproduced from
best avadable copy.
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